The aim of this study is to assess the influence of Prunus Tomentosa Thunb Total Flavone (PTTTF) on rabbits' frostbitten ears and on expressions of Matrix Metalloproteinase (MMP-9) in mouse frostbitten tissues and IL-1P in mouse Peripheral Blood Mononuclear Cells (PBMCs). Twelve New Zealand rabbits were randomly divided into two groups, both ears of each rabbit were frostbitten by liquid nitrogen. PTTTF and triamcinolone acetonide acetate ointment (TAAO) were spread on the left ear for 7 days, and the right ear was not treated as control. Therapeutic effects of the drugs and the pathological changes were observed. Drugs (PTTTF and TAAO) were prophylactically spread on the skin ofthe paws of mice for 5 days. After paw frostbitten models were established, the agents were consecutively spread for another 2 days. Expressions of MMP-9 in frostbitten tissues and IL-l Pin PBMCs were respectively Agents PTTTF, a red powder, was provided by the Pharmaceutical College of Beihua University. It was dissolved in l Omg-ml' solution with saline before use;
detected by the immunohistochemical method and RT-PCR. Compared with controls, four days later, the swelling inhibiting rate of PTTTF was 26.84%, and was 32.52% seven days later. The therapeutic effect of PTTTF was better than that of TAAO. Pathological changes of PTTTF group showed the effusion of a small quantity of neutrophil granulocytes and the tissue dropsy was not obvious. Expressions of both MMP-9 and IL-1P were significantly decreased in PTTTF group compared with those in model control group. There was no significant difference in expressions of MMP-9 and IL-1P between PTTTF group and TAAO group. We concluded that PTTTF produced a significant therapeutic effect on the frostbite ofthe rabbits' ears. PTTTF could inhibit expressions ofMMP-9 in frostbite tissues and IL-1P in PBMCs to relieve the frostbite inflammation.
Prunus Tomentosa Thunb, a kind of fruit growing on the Changbai Mountain in China, was widely used traditionally as tincture for the prevention and treatment of frostbite with good efficacy. However, to date there has been no comprehensive study on the effect of Prunus Tomentosa Thunb on frostbite inflammation. The present study was designed to reveal the mechanism involved in the antiinflammatory effect of Prunus Tomentosa Thunb Total Flavone (PTTTF) on frostbite of rabbit ears and mouse paws by using immunohistochemical and RT-PCR techniques.
MATERIALS AND METHODS

Animals
Twelve New Zealand rabbits (weight 2-2.5 kg, 6 female and 6 male) and forty Kunming mice (weight 18-22 g, 20 female and 20 male) were purchased from Changchun Gaoxin Medical Animal Experimental Research Center. 
Effects ofPTTTF on the rabbits 'frostbitten ears
Twelve rabbits were randomly divided into two groups, six rabbits in each group, namely, PTTTF group (with l Orng-rnl' PTTTF) and TAAO group (with 0.025% TAAO). A 25 rnm diameter iron rod dipped into -196°C liquid nitrogen was immediately pasted to the rabbit's ears for five seconds and both ears of each rabbit were treated simultaneously as previously described (I). Two hours later, each drug was spread on the left ear for 7 days, 0.5ml·time'l, 3 times-day:', and the right ear was not treated as control. The therapeutic effects of the drugs on the frostbite were observed successively for seven days, the thickness of the ears was measured, and the inhibition of swelling rate (the thickness of control ear, the thickness of drug-treated ear/the thickness of control ear) was calculated. The rabbits were sacrificed on the seventh day after the last administration.
Effects of PTTTF on expressions of MMP-9 in frostbite tissues and IL-lfJ in PBMCs in mice
Forty Kunming mice were randomly divided into four groups, 10 mice in each group, namely, a control group without frostbite (treated with saline), Frostbite group I (treated with saline), Frostbite group II (treated with PTTTF) and Frostbite group III (treated with TAAO). Mouse paw frostbite model was produced by immerging the mouse right hind paw into liquid nitrogen for 2 seconds to generate 2nd degree frostbite, each saline or drug was spread on the skin of the paw for 7 days, five days before and two days after the establishment of the model, 0.25 ml-time', 3 times-day:'. The paw tissue pathological reaction was observed and recorded every day. On the third day mice were sacrificed, their frostbite tissue and blood were sampled. Expressions of MMP-9 and IL-IP were detected by immunohistochemistry and RT-PCR, respectively. Pathological samples were examined using Hematoxyline & Eosin (HE) stains (2) . Immunohistochemical technique (3) was used for detecting expressions of MMP-9 in frostbite according to the manufacturer's instructions. The blood cells were treated with anti-coagulant EDTA-Na 1 and centrifuged at 1000 rpm-min:' for 10 min, and the plasma obtained was kept for biochemical analysis. Two-fold volume of Phosphate Buffered Saline (PBS) was added to the remaining blood cells and was mixed well. 2.5ml Ficoll was added to another centrifuge tube, diluted slowly, kept for 10 min, and centrifuged at 2500 rpm-min:' for 5min, and finally the mononuclear cell layer was moved into another centrifuge tube. Some PBS was put into the above tubes. They were centrifuged at 1000 rpm for 10 min, and the supernatant was then removed. The above process was repeated 3 times, all obtained PBMC was gathered, and PBS was added to it and mixed well to become a cell suspension containing 5 x 10 6 cells per ml. The PBMC suspension was put into centrifuge tubes, 1.5 ml TRE-Trizol was added to them, and total RNA of PBMCs was extracted according to the manufacturer's instructions. The mouse leukocyte total RNA was used as the template and the random primer was taken as the reverse transcription primer to synthesize cDNA through using M-MLV reverse transcriptase kit. PCR was amplified through using cDNA as the template and IL-l p gene bulk fragment, F: 5'-CTGAAAGCTCTCCAC CTC-J' and R: 5'-TGCTGATGTACCAGTTGGGG-3 , or p-actin bulk fragment F: 5'-GCTCGTCGTCGACAACGGCTC-3' and R: 5 '-CAAACATGATCTGGGTCATCTTCTC-3', as the primer. The conditions for PCR reaction were 94°for 2 min, 94°for 45 sec, 57°for 45 sec and 72°for 45 sec each for 30 cycles, and finally, 72°for 5 min.
RESULTS
Effects ofPTTTF on the rabbits 'frostbitten ears
The local inflammatory symptoms of the rabbits' frostbitten ears, including congestion and swelling etc., were obviously relieved after PTTTF was spread on the skin of the left ear for seven days compared with those of the right ear. Both ears turned red and swelled without obvious difference two hours after the models were prepared. The local inflammatory blood capillary vasodilatation, congestion and swelling were all obviously inhibited by PTTTF with the inhibition of swelling rate of 26.84% (p<O.OOI Fig. 1 . The therapeutic effect ofPTTTF on frostbite in the rabbit ears. Al TAAO group: the congestion and swelling of both ears were obvious and there was no significant difference between the left ear and the right ear on the first day after the rabbits' ears were frostbitten through being induced by liquid nitrogen for 5 seconds; A4 TAAO group: the congestion and swelling ofthe left ear were slightly relieved on the 4 th day after the frostbitten ears were treated with TAA0 compared with those of the right ear; A 7 TAAO group: the congestion and swelling of the left ear were more obviously relieved on the 7 th day after the frostbitten ear was treated with TAAO compared with those of the right ear; BI PTTTF group: the congestion and swelling of both ears were obvious on the first day after the rabbits' ears were frostbitten through being induced by liquid nitrogen for 5 seconds; B4 PTTTF group: the congestion and swelling ofthe left ear were more obviously relieved on the 4 th day after the left frostbitten ear was treated with PTTTF compared with those ofthe right ear; B7 PTTTF group: the congestion and swelling ofthe left ear were more significantly relieved on the 7 th day after the frostbitten ear was treated with PTTTF compared with those ofthe right ear; B7 PTTTF group (the picture taken against the light): the congestion and swelling ofthe left ear were significantly relieved on the 7 th day after the frostbitten left ear was treated with PTTTF compared with those ofthe untreated right ear.
when compared with 21.87% in TAAO group) from the fourth day. Seven days later, the above symptoms almost disappeared with the inhibition of swelling rate of32.52% in the PTTTF group and29.68% in the TAAO group (p<O.OOl). The significant therapeutic effect of PTTTF on light or moderate degree rabbit ear frostbite was better than that of TAAO (Table I and Fig. 1 ). Histopathological observation showed that the control ears had a large number of neutrophil exudation, erythrocyte infiltration, tissue looseness and edema, while the PTTTF-treated ear had a small amount of neutrophil exudation and no tissue edema. The TAAO-treated ears were similar to PTTTFtreated ears in histopathological changes (Fig. 2) .
The histopathological observation of mouse frostbite
Control group: The arrangement of endothelial cells and stroma collagen fibers was regular without the infiltration of inflammatory cell or the formation of new blood capilaries (Fig. 3A) . Frostbite group 1: the frostbite epithelial lamina was thinner, irregular, partially defective; the stroma was swollen; the collagen fibers were broken and dissolved. There was a great quantity of infiltrated inflammatory cells and new blood capillaries in the whole stroma, especially under the endothelial cells in the regions of necrosis and ulcer (Fig. 3B ). Frostbite group 2 (PTTTF group): The arrangement of endothelial cells was regular and there was less infiltration of inflammatory cells and new blood capillaries under the endothelial cells ( Fig. 3C ). Frostbite group 3 (TAAO group): a simple layer of epithelium formed. However, its shape was not so regular and its arrangement was not in order. Less infiltration of inflammatory cells and new blood capillaries could 
cells and stroma collagenfi bers was regular without the infiltration ofinflammatory cells or formation ofnew blood cap illaries; B) Frostbite gro up I : The fros tbite ep ithelial lam ina was thinn er, irregular and partially defective; the stroma was swollen; the collagenfibers were broken and dissolved. There was a great quantity ofinfiltrat ed inflammatory cells and new blood cap illari es in the whole stroma especially under the endothelial cells in the reg ions ofnecrosis and ulcer; C) PTTTF group: The arrangement of endothelial cells was regular and there was less infiltration ofinflammatory cells under the endothelial cells; D) TAA0 group: a simple layer ofepithelium fo rmed.
Fig. 4. MMP -9 expression in f rostb itten tissues ( x400). A) Control group has no brown yellow staining; B) Frostbite group I has significantly high expression of MMP-9 in collagenous fib ers, endothelial cytop lasm of new vessels and inflammatory cells, especially in the ulcerative and necroti c regions; C) PTTTF group has less expression ofMMP-9 than that in Frostbite group I ; D) TAAO group: has less expression of MMP-9 than that in Frostbite group I .
be also seen under the endothelial cells (Fig. 3D) .
The expression ofMMP-9 infrostbites
Brown-yellow staining was taken as positrve result for the protein expression of MMP-9 in mouse frostbite and it was primarily distributed in the collagenocyte and intrac ytoplasm . The frostbite in the control group showed no expression of MMP-9. However, frostbite group I showed significantly high expression of MMP-9 in collagenous DISCUSSION Frostbite is a common disease in cold areas, and refers to inflammation response caused by tissue acute freezing injury when tissues are exposed to temperatures below freezing point: tissues can rupture easily and the ulcerations are difficult to heal and are prone to generate bacterial infection if they are not treated in time, which seriously impacts on people 's normal life and work , and the unusual inflammatory process is even life-threatening (4-6) . Therefore, it is currently a research hotspot to screen safe and effective inhibitors of inflammation, and to prevent or treat frostbite.
We have proved that PTTTF can quickly inhibit the inflammatory respon se of frostbite with consistency with civilian applications through experimental studies on local frostbite of rabbit ears. PTTTF shows effects of prominently inhibiting congestion swelling of frostbitten rabbit ears and improving local blood circulation from the fourth day of treatment after frostbite by comparison with the own control ear.
IL-I p and MMP-9 are main cytokines and hydrolytic ferment involved in inflammation, tissue damage and immune response. IL-I~belongs to pro-inflammatory cytokines, can cause the initial inflammatory response, and plays the role of cascade amplification on inflammation (7) . Infiltration of inflammatory cells, vascular endothelial cells and so on in inflammatory tissues can produce MMP-9 (8) . The development of inflammation can increase MMP-9 and IL-I~in the body, because the IL-I p in the extracellular fluid is significantly increased in the wound healing process. The MMP-9 protein expression is significantly increased (9-10) so that the number of MMP-9 protein in wound exudate is increased (11), on one hand; on the other hand the MMP-9 protease activity is improved (12) at the same time to damage extracellular matrix (13) and aggravate inflammatory response (14) , thereby -294bp -558bp fibers, endothelial cytoplasm of new vessels and inflammatory cells, especially in the ulcerative and necrotic regions. The frostbite showed less expression of MMP-9 in the PTTTF group and the TAAO group than that in Frostbite group 1. TBS was taken as a substitute for primary antibody (Fig. 4) as for the control group.
The expression oflL-lfJ in PBMCs
The expressions of IL-I~mRNA (294bp) in the PTTTF group and the TAAO group were significantly less than those in frostbite group 1 (Fig. 5) . The results suggested that the PTTTF had preventative and therapeutic effects on frostbite inflammation, and these effects may be a consequence of its action on the genetic transcription . the scar tissues on the ulceration wound trauma are formed with difficulty. Meanwhile, the secretion of a large number of MMP-9 with high activity degrades formed scar tissues so that the wounds are difficult to heal. The experimental study takes the mice with paw frostbite as animal models of inflammation, and observes the influence of PTTTF on MMP-9 in frostbite tissues and on expression in plasma of mice with paw frostbite through preventive drug application before the experiment and therapeutic drug application after model construction. We found that the expression of MMP-9 and IL-I~in bodies was increased after mouse paw frostbite, thereby causing damage on tissue extracellular matrix and leading to aggravated inflammatory response. The expression of MMP-9 in frostbite tissues and IL-l~in PBMCs of mice in Frostbite group I was prominently higher than that of the control group after preventive and curative drug application. The expression of MMP-9 in frostbite tissues and IL-lĩ n PBMCs of mice in Frostbite group 2 (PTTTF group) was lower than that of Frostbite group 1 with less difference from that of the Frostbite group 3 (TAAO group).
The research firstly confirmed that PTTTF can inhibit the expression of MMP-9 and IL-l~of mice with paw frostbite. We believe that PTTTF inhibits inflammatory response through various ways, such as inhibiting IL-l~and MMP-9 expression and the like, thereby playing its anti-inflammatory role, so that the symptoms of frostbite inflammation can be alleviated to play an anti-frostbite role. The paper provides theoretical basis for further elaborating anti-inflammatory and anti-frostbite PTTTF. The vascular repair mechanism in the frostbite recovery process needs further study.
